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An ELIC-GLIC Chimera Reveals Distinct Pathways of Activation in the
Cys-Loop Family of Receptors
Nicolaus Schmandt, David T. Lodowski, Vivien Yee, Sudha Chakrapani.
Case Western Reserve University, Cleveland, OH, USA.
The Cys-loop family of pentameric ligand-gated ion channels is expressed
throughout the human brain and is a target for a wide number of therapeutics
including local and general anesthetics, alcohols, and neurosteroids. Recently,
high-resolution structures of several members of the family have become
available, but allosteric mechanisms governing gating and modulation remain
unclear. Prokaryotic homologues (ELIC and GLIC) have the same overall struc-
ture as the family of ion channels, and are highly amenable to structural studies
in a native environment. We investigated the conformational dynamics of
ligand-binding and channel gating in GLIC and ELIC by electron paramagnetic
spectroscopy (EPR) and found that the two channels exhibit distinct activation
mechanisms. To further understand how the two events are coupled, we engi-
neered a functional chimera that included the extracellular domain of ELIC
and the transmembrane domain of GLIC. By using a combination of electro-
physiology, EPR spectroscopy, and X-ray crystallography we show the molec-
ular details of coupling between the ligand-binding domain and the channel gate.
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Disulfide Trapping the GABA-A Receptor Extracellular Beta-5/Beta-5’
Loop
Cassandra M. Theusch, Cynthia Czajkowski.
Neuroscience, University of Wisconsin - Madison, Madison, WI, USA.
GABAA receptors (GABARs) couple GABA binding to opening of a chloride-
conducting channel. The GABA binding site is at b/a-subunit interfaces. In a
recent GABAR crystal structure, the b5-b5’ loop reaches across the interface,
and juts into the neighboring subunit forming a back lid over the GABA bind-
ing site. This extended b5-b5’ loop conformation is not in prokaryotic chan-
nels, the acetylcholine-binding protein, or the nicotinic acetylcholine receptor.
We used disulfide trapping to probe b5-b5’ loop position and dynamics in
a1b2g2L GABARs. We engineered pairs of cysteines at the b/a GABA-
binding site interface: aM111C (b5-b5’ loop) with bS104C (b-strand 5) and
a1M113C (b5-b5’ loop) with b2D95C (binding Region A). We expressed
single and double mutant a1b2g2L GABARs in Xenopus oocytes. Initially,
we tested for disulfide-bonds by measuring effects of DTT and hydrogen
peroxide on GABA-mediated currents from a1M111Cb2S104Cg2 and
a1M113Cb2D95Cg2 receptors. They had no effects. Methanethiosulfonate re-
agents modified the single cysteine mutants but not the double mutants,
indicating the cysteine pairs were linked by disulfides. Single-mutant
a1b2S104Cg2 receptors had reduced GABA efficacy and potency, which
were rescued in double-mutant a1M111Cb2S104Cg2 receptors, suggesting
the cysteines interact. These results indicate the a-subunit b5-b5’ loop extends
across the intersubunit interface, near b-strand 5 of the b-subunit. Disulfide
linking these two regions had no effect on GABA currents, indicating their rela-
tive positions do not change during GABA activation and supporting the idea of
a concerted GABA-driven motion in the inner b-sheets of the a- and b-sub-
units. Linking cysteines in aligned positions at the benzodiazepine-binding
a1/g2-interface (a1S106C and g2I124C) had similar effects. In contrast, teth-
ering a1M113C (b5-b5’ loop) to b2D95C near Region A of the GABA binding
site right-shifted GABA concentration-responses, suggesting this crosslink
impairs motions in the site required for GABA action.
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Conformational Dynamics in the GABAA Receptor
Rilei Yu, Philip C. Biggin.
Biochemistry, Oxford University, Oxford, United Kingdom.
GABAA receptors are members of the cys-loop family of ligand-gated ion
channels and are pentameric ion channels that are closed in the absence of
ligand, but upon ligand-binding, open to allow anions to pass through a central
pore. The sustained application of agonist however leads to the receptor
entering a desensitized state whereby the agonist is still bound but the channel
is closed. In order for the channel to fully respond to agonist again, agonist must
diffuse away and the receptor return from the desensitized state to the resting
state. The recent crystal structure of the human b3 GABAA receptor was pro-
posed to be locked in a desensitized state due in part to the presence of agonist
in the crystallization conditions and the apparent closed diameter of the pore
[1]. Key questions still remain about how these receptors move between the
different conformational states. Here we use MD simulations to explore poten-tial mechanisms of conformation change. Removal of the benzamidine from the
binding site should favour a transition from the desensitized state towards the
resting state. In the simulations, removal of agonist reveals that the pore-lining
TM2 helices are able to change conformational and adopt orientations that may
be more consistent with a resting rather than desensitized state of the channel.
In this work, we discuss the apparent coupling between the binding site, the
b1b2 linker and the TM2-TM3 loop during these changes and the implications
for how cys-loop receptors in general cycle through distinct conformational
states. We also discuss the behavior of a key tyrosine (299) proposed to play
a role in stabilizing the desensitized state.
References:
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Monitoring the Work of a Single Subunit in Homotetrameric CNGA2
Channels
Klaus Benndorf1, Nisa Wongsamitkul1, Vasilica Nache1, Thomas Eick1,
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Cyclic nucleotide-gated (CNG) channels mediate signal transduction in photo-
receptors and olfactory cells. Wild-type olfactory CNG channels are composed
of three types of subunits, CNGA2, CNGA4, and CNGB1b. Out of these only
CNGA2 subunits can form functional homotetrameric channels when ex-
pressed in heterologous systems. Homotetrameric CNGA2 channels are very
useful for studying elementary biophysical processes. However, even for ho-
motetrameric channels the transmission of the ligand binding to the pore open-
ing is still a mystery. Undoubtedly clear is only that the activation of the
channels is not generated by independently operating but by interacting sub-
units. We are interested in how a single subunit embedded in a channel binds
a ligand and evokes channel activation, i.e. for the whole channel we intend
to kinetically dissect the molecular gating mechanism induced by the first
ligand binding step. We constructed tetrameric concatamers of CNGA2 chan-
nels with various numbers of wild-type and mutated binding domains of high
and extremely low affinity. Ligand binding was measured by confocal patch-
clamp fluorometry (frame rate up to 277 images per second) using a fluorescent
cGMP analogue. Our results show that a single subunit operates a channel only
at 23-fold higher ligand concentrations than a tetrameric channel composed of
four cooperating subunits. Nevertheless, the single subunit opens the channel
pore to the full conductance level. Moreover, we show that Markovian models
with a discrete number of states surprisingly fail to describe the action of the
only wild-type subunit. Instead, a model consisting of three separate but inti-
mately coupled processes proved to be adequate for describing channel activa-
tion, containing a rapid ligand binding close to the diffusion limit, a continuous
conformational diffusion upon gating consisting of two components, and a
rapid and discrete pore action.
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Hannah A. DeBerg1,2, Shahidul M. Islam3,4, Michael C. Puljung2,
Benoit Roux3,4, William N. Zagotta2, Stefan Stoll1.
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Hyperpolarization-activated cyclic nucleotide-gated (HCN) ion channels play
an important role in regulating pacemaking activity in the heart and brain.
They are regulated by the binding of cyclic nucleotides to a conserved, intracel-
lular cyclic nucleotide-binding domain (CNBD). Binding of cyclic nucleotides
increases the rate and extent of activation of the channels and shifts channel
activation to less hyperpolarized voltages. In intact channels, cAMP and
cGMP are full agonists and cCMP is a partial agonist. We use double
electron-electron resonance (DEER) to study the conformational change
associated with the binding of these three different cyclic nucleotide species
to the CNBD. We find that conformational changes associated with ligand
binding vary depending on the cyclic nucleotide bound and the location
in the CNBD. We use the restrained ensemble MD (re-MD) simulations
method to generate structural models integrating the complete set of experi-
mentally measured data from DEER distance distribution histograms that
describe the separation between pairs of spin labels attached to the CNBD.
Our results indicate that, in the B-helix, binding of cGMP or cCMP has an
Monday, February 9, 2015 193aeffect intermediate to that of cAMP. However, in the C-helix cAMP and cCMP
exhibit similar effects, but cGMP produces an intermediate effect between the
apo and bound cAMP/cCMP DEER distance distributions. These data provide
an interesting lens for studying allostery in HCN channels and indicate that
the mechanism of protein allostery in the CNBD varies for different cyclic
nucleotides.
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Rapid Activation of Distinct Conducting States in P2X Receptor Channels
Mufeng Li, Gilman Toombes, Shai D. Silberberg, Kenton J. Swartz.
NINDS, NIH, Bethesda, MD, USA.
P2X receptors are trimeric cation channels that are activated by extracellular
ATP. These purinergic receptors have been reported to undergo pore dilation
following activation by high concentrations of ATP, a phenomenon thought
to mediate apoptosis in the immune system. Here we demonstrate that the
widely reported slow time-dependent increase in the relative permeability of
NMDG to Na, thought to reflect pore dilation, results from a gradual inhibition
of small-cation-selective channels following depletion of intracellular alkali
ions. Moreover, we find that P2X receptors enter both small-cation-selective
open states and large-cation-permeable open states within milliseconds of
ATP application. Taken together, our results demonstrate that P2X receptors
can rapidly enter a large-cation-permeable open state without requiring either
high ATP concentrations or high channel density, indicating that the ability
of ATP to permeabilize cells can occur under physiologically realistic
conditions.Platform: Intrinsically Disordered Proteins (IDP)
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A New and Un-Conventional Ultrafast Binding Mechanism of Intrinsically
Disordered Proteins to Structured Partners
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1Heidelberg Institute for Theoretical Studies, Heidelberg, Germany,
2IBS - Institut de Biologie Structurale, Grenoble, France, 3EMBL - European
Molecular Biology Laboratory, Heidelberg, Germany.
Intrinsically disordered proteins (IDPs) mediate several and very diverse pro-
cesses such as signaling, regulation and formation of entropic barriers. Such
functions often involve the binding between an IDP and one or more
structured partners. Several mechanisms to describe the binding of IDPs to
structured proteins have been identified: the conformational selection model
implies that, along the conformational ensemble explored by the IDP,
binding-prone configurations are abundant and favor binding. In contrast,
the induced-fit model describes binding as a series of conformational
changes of the IDP that can form secondary structure elements upon binding.
By investigating the association between the intrinsically disordered nucleo-
porin Nup153 and its structured binding partner Importin-b through means
of single-molecule FRET experiments, molecular dynamics (MD) and Brow-
nian dynamics (BD) simulations, we have identified a new mechanism that
leads to the formation of complexes without the need of any structural re-
arrangement or selection of a pre-configured conformation of the IDP.
We found that binding can occur between Importin-b and highly diverse
configurations of Nup153 in a globular-like state. Being conformational-
independent, the association is solely regulated by the availability of
nucleoporin’s Phe-Gly dipeptide responsible for the interaction with Importin.
More importantly, since conformational adaptations are absent, specific
binding is rapid enough to be observed on the sub-microsecond time scale
of the MD simulations. This ultrafast binding mechanism of nucleoporin to
Importin-b can justify the observation of rapid, yet selective nucleo-
cytoplasmatic transport. Our joint computational and experimental approach
could help to explain if a similar binding scenario also applies to other repet-
itive IDPs.
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Combinational Evidence that Intrinsic Disorder Provides Broad Associa-
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Travis A. Hoppe, Robert Best.
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Using a simple lattice model approach that captures the combinatorial essence
of a short intrinsically disordered peptide binding to a larger protein surface
we provide evidence that non-specific peptides with moderate amounts of
disorder can bind to a larger array of protein surfaces than their ordered
counterparts.971-Plat
The Intrinsically Disordered C. Trachomatis Tarp Binds Actin with a
Partially Preformed Helix
James L. Tolchard1, Ted Hackstadt2, Tharin M.A. Blumenschein1.
1School of Chemistry, University of East Anglia, Norwich, United Kingdom,
2Laboratory of Intracellular Parasites, National Institute of Allergy and
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Tarp (Translocated actin recruiting protein) is an intrinsically disordered pro-
tein (IDP) from Chlamydia trachomatis, which is translocated into the host
cell via type III secretion to initiate the infection process. Once exposed to
the cytosol, Tarp recruits host-cell actin, forming actin pedestal-like structures
that contribute to host cell invasion (Clifton et al., PNAS101,10166). Tarp is
capable of directly nucleating the formation of actin filaments, and its actin-
binding region was mapped to the region between residues 726 and 825 (Jewett
et al., PNAS103, 15599). We have acquired and assigned nuclear magnetic
resonance (NMR) spectra of Tarp726-825, which show the narrow spectral dis-
tribution and chemical shifts characteristic of an IDP. Tarp shows some homol-
ogy to the actin binding WH2 motif from WAVE2, and therefore it is expected
to bind in a similar manner, forming a helix upon binding. Indeed, NMR relax-
ation experiments of Tarp726-825 show slightly lower flexibility in the 10-resi-
due region homologous to the WH2 motif. However, chemical shift index
calculations show that this helix is only partially formed before binding. In
the presence of globular actin, the majority of peaks in the Tarp NMR spectra
are affected, indicating that the binding affects most of the amino acid residues
in this Tarp fragment. Isothermal titration calorimetry experiments determined
the dissociation constant for the binding to be 1.02 (5 0.32)  107 M, and
showed a significant decrease in entropy upon binding, indicating increased
order upon binding. Based on this information, the binding of Tarp to actin
was modelled in silico. Two possible low energy sites of interaction have
been identified, both of which could account for these observations. It is there-
fore possible that Tarp binds actin through a ‘‘fuzzy’’ interface, with contribu-
tion from both conformations.
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a Dynamic Interaction with Cdk2/Cyclin
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Proteins that are fully or partially unstructured are named intrinsically disor-
dered proteins (IDP). The function of IDP’s, in context of the structure-
function paradigm, is challenged by their inherent flexibility. The current
hypothesis of induced-folding mechanism of IDP’s suggests many advantages
over well-ordered and structured proteins because of it ability to recognize and
regulate multiple pathways by adopting numerous conformations. One of the
most prominent examples is the disordered polypeptide p27. p27 is a small
IDP that inhibits cyclin-dependent kinases (Cdk) regulating cell proliferation.
Furthermore, phosphorylation of p27 leads to its degradation by the
ubiquitin-protease pathway. By applying single-molecule fluorescence spec-
troscopy in combination with biochemical assays, we tested the hypothesis
that bound disordered regions of p27 are essential for its regulatory functions.
However, the existence of regulatory modification sites within bound,
folded regions of disordered proteins raises a key question regarding how
these sites become accessible for enzymatic modification. Our results show
that p27 is dynamic even when bound to the Cdk2/CyclinA complex. More-
over, sequential phosphorylation at positions Y88 and Y74 of p27 relieves
Cdk2 inhibition with rheostat-like precision. These observations explain the
mechanism of how intra and inter-molecular phosphorylation of partially acti-
vated Cdk2/CyclinA are regulated during the cell cycle and provide the basis
for understanding how dynamics within Cdk2/CyclinA-bound p27 mediate
signal transmission.
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Effects of Charge Interactions and Transient Secondary Structure
Elements on the Function of the Disordered RAM Region of the Notch
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The Notch signaling pathway is crucial for cellular development. The intracel-
lular domain of the Notch receptor (NICD) contains the 140-residue intrinsi-
cally disordered RAM region followed by seven ankyrin repeats, a nuclear
localization sequence, and a C-terminal degradation sequence. The RAM
